ified  •' 

.ASSIFICATION  OF  THIS  PAGE 


JTIS  FILE  COP! 


SECURITY  CLASSIFICATION 

ified _ 

Y  CLASSIFICATION  AUTHORITY 
ilFICATION/ DOWNGRADING  SCHEDULE 
lING  ORGANIZATION  REPORT  NUMBER(S) 


REPORT  DOCUMENTATION  PAGE 

ION  I  1b  RESTRICTIVE  MARKINGS 


form  Approvers 
0MB  No.  0704-0} 88 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release  and  sale;  its 
distribution  is  unlimited. 

S  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6b  OFFICE  SYMBOL 
(If  applicable) 


8b  OFFICE  SYMBOL 
(If  applicable) 


7a.  NAME  OF  MONITORING  ORGANIZATION 

Office  of  Naval  Research 


7b  ADDRESS  (Oty.  State,  and  ZIP  Code) 

800  North  Quincy  Street 
Arlington,  VA  22217 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

N00014-84-K-0658 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO 


WORK  UNIT 
ACCESSION  NO 


No.  6  _ 


6a.  NAME  OF  PERFORMING  ORGANIZATION 

Clarkson  University 


6c.  ADDRESS  (City,  State,  and  ZIP  Code) 

Potsdam,  New  York  13676 


8a  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

Office  of  Naval  Research 


8c.  ADDRESS  (City.  State,  and  ZIP  Code) 

See  7b 


1 1 .  TITLE  (Irxlude  Security  Clarification) 

CATALYTIC  REDUCTION  OF  CARBON  DIOXIDE  BY  METAL  CENTERS 


12.  PERSONAL  AUTHOR(S) 

Vaska,  Lauri  _ 


13a  TYPE  OF  REPORT  13b  TIME  COVERED  |14.  DATE  OF  REPORT  {Year,  Month.  Day)  |15  PAGE  COUNT 

Final  Report  from  84-8-1  to89-2-28  11989-4-20  1 5 


16  SUPPLEMENTARY  NOTATION 


17 _ COSATI  CODES _ I  18.  SUBJECT  TERMS  {Continue  on  reverse  if  necessery  ertd  identify  by  block  number) 

f'ELD  I  GROUP  I  SUB-GROUP  |  Carbon  Dioxide,  Reduction,  Hydrogenation,  Catalysis, 

Formamides,  Metal  Complexes 


PROJECT 

TASK 

NO 

NO 

19  ABSTRACT  {Continue  on  reverse  if  r}ecessery  end  identify  by  block  number) 

See  page  2 


s 


DTIC 

ELECTE 
APR2  8  1989 


20.  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT  21.  ABSTRACT  SECURITY  CLASSIFICATION 

CS  UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT  □  DTIC  USERS  UnclaSSified 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL  122b  TELEPHONE  f/nc/ude  Area  Code)  22c  OFFICE  SYMBOL 

L.  Vaska  1315-268-2393/2389 


OD  Form  1473.  JUN  86  Previous  editions  are  obsolete.  SECURITY  CLASSIFICATION  OF  this  PAGE 

Unclassified 


V  oif 


O 


il? 


-2- 


Office  of  Naval  Research 
Contract  #N00014-84-0658 
R&T  Code  413g003 


Catalytic  Reduction  of  Carbon  Dioxide  by  Metal  Centers 

Final  Report 

by 

Lauri  Vaska 

Department  of  Chemistry,  Clarkson  University 
Potsdam,  New  York  13676 


The  results  of  the  work  carried  out  under  this  ONR  contract  include 
the  following  significant  discoveries.  (1)  We  have  demonstrated  the  first 
homogeneous  catalytic  hydrogenation/reduction  of  carbon  dioxide  to  the 
methyl  group  (-CH3,  C^)  in  the  presence  of  several  transition  metal 
complexes  (in  previous  work,  the  reduction  has  terminated  at  the 
level).  Another  catalytic  system  has  been  found  to  reduce  CO^  to 
elemental  carbon  via  formamide  intermediation.  A  platinum  cluster 
complex  has  been  discovered  which  catalyzes  the  CO2  reduction  reversibly 
under  ambient  conditions,  both  unusual  in  homogeneous  catalysis  by  metal 
complexes.  The  same  Pt  compound  is  the  most  active  homogeneous  catalyst 

ft,  rT-  H-l  A-yy 

for  CO2  hydrogenation  reported  to  date. Other  significant 
developments  include  (a)  the  preparation  of  metallic  catalysts  (Cr,  Mo,  W, 
Re)  and  their  use  in  CO2  reduction,  and  (b)  the  discovery  of  reversible 
CO2  activation  by  metal  complexes  monitored  by  FT-IR  techniques  in  situ. 
All  these  advances  have  substantially  contributed  to  our  understanding  of 
the  factors  which  determine  the  catalytic  reduction  of  carbon  dioxide. 
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